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(57) ABSTRACT

This device includes a first base layer of a first conduction
type. A second base-layer of a second conduction type is
provided above the first base-layer. A first semiconductor
layer of the first conduction type is above an opposite side of
the second base-layer to the first base-layer. A second semi-
conductor layer of the second conduction type is above an
opposite side of the first base-layer to the second base-layer.
A plurality of first electrodes are provided at the first semi-
conductor layer and the second base-layer via first insulating
films. A second electrode is provided between adjacent ones
of'the first electrodes and provided at the first semiconductor
layer and the second base-layer via a second insulating film.
A resistance of the first base-layer above a side of the second
electrode is lower than a resistance of the first base-layer
above a side of the first electrodes.

8 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2013-
188304, filed on Sep. 11, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments of the present invention relate to a semi-
conductor device.

BACKGROUND

It is conventionally proposed to increase the impurity con-
centration of an n-barrier layer between an n-base layer and a
p-base layer so as to decrease an ON-state voltage of an IGBT
(Insulated Gate Bipolar Transistor). When the impurity con-
centration of the n-barrier layer is increased, then a potential
barrier of the n-barrier layer for holes increases, and the
number of holes accumulated in the n-base layer increases,
resulting in the decrease in the ON-state voltage of'the IGBT.

However, the conventional technique has the following
problems. When the impurity concentration of the n-barrier
layer is increased, more holes are attracted to an electron
current along a MOS channel and accumulated around a
trench gate. When more holes are accumulated around the
trench gate, negative charge is induced in the trench gate, and
a variation slope (dQg/dVg) of between a gate charges (Qg)
and a gate voltage (Vg) is decreased to a negative vale (to
negative capacitance). When the variation slope is negative,
then a voltage applied to the trench gate varies largely, the
potential of a gate electrode rises, and a current excessively is
applied to the IGBT. As a result, the IGBT may be broken
down in.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing an example of a
configuration of an IGBT 100 according to a first embodi-
ment;

FIG. 2 is a plan view taken along a line 2-2 of FIG. 1;

FIG. 3 is a cross-sectional view showing an example of a
configuration of an IGBT 200 according to a second embodi-
ment; and

FIG. 4 is a cross-sectional view showing an example of a
configuration of an IGBT 300 according to a third embodi-
ment.

DETAILED DESCRIPTION

Embodiments will now be explained with reference to the
accompanying drawings. The present invention is not limited
to the embodiments. In the following embodiments, a vertical
direction of a semiconductor device indicates a relative direc-
tion for the sake of convenience and often differs from a
vertical direction according to gravitational acceleration.

A semiconductor device according to the present embodi-
ments includes a first base layer of a first conduction type. A
second base-layer of a second conduction type is provided
above the first base-layer. A first semiconductor layer of the
first conduction type is above an opposite side of the second
base-layer to the first base-layer. A second semiconductor
layer of the second conduction type is above an opposite side
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of'the first base-layer to the second base-layer. A plurality of
first electrodes are provided at the first semiconductor layer
and the second base-layer via first insulating films. A second
electrode is provided between adjacent ones of the first elec-
trodes and provided at the first semiconductor layer and the
second base-layer via a second insulating film. A resistance of
the first base-layer above a side of the second electrode is
lower than a resistance of the first base-layer above a side of
the first electrodes.

First Embodiment

FIG. 1 is a cross-sectional view showing an example of a
configuration of an IGBT 100 according to a first embodi-
ment. The IGBT 100 includes an n~ first base layer 10, an n™
first barrier layers 15, p second base layers 20, p* charge
extraction layers 30, n* emitter layers 40, emitter electrodes
50, first insulating films 60 (hereinafter, “gate dielectric films
60”), second insulating films 65, first electrodes 70 (herein-
after, “gate electrodes 70”), second electrodes 75, an n* sec-
ond barrier layer 80, a p™ collector layer 90, and a collector
electrode 95.

The first base layer (hereinafter, “n-base layer”) 10 is a
semiconductor layer through which carriers (electrons or
holes) drift. The first barrier layer 15 is provided on the n-base
layer 10. The first barrier layer 15 is provided to improve an IE
(injection Enhanced) effect and to decrease an ON-state volt-
age. The second base layer (hereinafter, “p-base layer”) 20 is
provided on the first barrier layer 15. A channel region is
formed in the p-base layer 20 when the IGBT 100 operates. A
charge extraction layer 30 is provided in the p-base layer 20.
The charge extraction layer 30 is provided to extract the holes
drifting and moving through the n-base layer 10 to the emitter
electrode 50. The emitter layer 40 serving as a first semicon-
ductor layer is provided on the p-base layer 20 and the charge
extraction layer 30.

The gate electrode 70 or the second electrode 75 is pro-
vided between the adjacent emitter layers 40. The gate elec-
trode 70 and the second electrode 75 extend from surfaces of
the emitter layers 40 to the n-base layer 10. The gate electrode
70 faces the emitter layer 40, the p-base layer 20, and the
n-base layer 10 via the gate dielectric film 60. The second
electrode 75 faces the emitter layer 40, the p-base layer 20,
and the n-base layer 10 via the second insulating film 65.

Furthermore, the emitter electrode 50 is provided on the
emitter layer 40 and the second electrode 75 so that the
emitter electrode 50 is electrically connected to the emitter
layer 40 and the second electrode 75. In the first embodiment,
electrons are supplied from the emitter electrode 50 and the
emitter layer 40. An interlayer dielectric film ILD is provided
on the gate electrode 70. The gate electrode 70 is thereby
isolated from the emitter electrode 50. The charge extraction
layer 30 is directly connected to the emitter electrode 50 in a
direction perpendicular on the drawing of FIG. 1 (an extend-
ing direction of the gate electrode 70). FIG. 2 is a plan view
taken along a line 2-2 of FIG. 1. FIG. 2 shows upper surfaces
of'the charge extraction layers 30 and the emitter layers 40. As
shown in FIG. 2, the charge extraction layers 30 and the
emitter layers 40 alternately appear in the extending direction
of'the gate electrodes 70. The charge extraction layers 30 and
the emitter layers 40 thereby alternately contact with the
emitter electrodes 50 in the extending direction of the gate
electrodes 70.

Referring back to FIG. 1, the second barrier layer 80 is
provided on an opposite side of the n-base layer 10 to the first
barrier layer 15. The collector layer 90 serving as a second
semiconductor layer is provided under the second barrier
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layer 80. The second barrier layer 80 is a field stop layer. The
field stop layer is provided to suppress a depletion layer
extending from a pn junction between the p-base layer 20 and
the barrier layer 15 from reaching the p* collector layer 90
when the IGBT 100 transitions from an ON-state to an OFF-
state. The collector electrode 95 is provided under the collec-
tor layer 90 so as to be electrically connected to the collector
layer 90. In the first embodiment, holes are supplied from the
collector electrode 95 and the collector layer 90.

A first trench TR1 (hereinafter, also simply “trench TR1)
and a second trench TR2 (hereinafter, also simply “trench
TR2”) are provided on both sides of the emitter layer 40, the
p-base layer 20, and the first barrier layer 15, respectively.
The trenches TR1 and TR2 are provided from the emitter
layer 40 to a position (a depth) reaching the n-base layer 10
via the p-base layer 20 and the first barrier layer 15. In other
words, one end of the trench TR1 or TR2 is located in the
emitter layer 40 and the other end thereof is provided in the
n-base layer 10.

The gate dielectric film 60 is provided in the trench TR1.
Furthermore, the gate electrode 70 is buried in the trench TR1
via the gate dielectric film 60. As shown in FIG. 2, the gate
electrode 70 as well as the trench TR1 extends in the perpen-
dicular direction on the sheet of FIG. 1. In other words, the
gate electrode 70 is provided in the emitter layer 40 and the
p-base layer 20 via the gate dielectric film 60.

The second insulating film 65 is provided in the trench
TR2. Furthermore, the second electrode 75 is buried in the
trench TR2 via the second insulating film 65. As shown in
FIG. 2, the second electrode 75 as well as the trench TR2
extends in the perpendicular direction on the sheet of FIG. 1,
similarly to the gate electrode 70. In other words, the second
electrode 75 is provided in the emitter layer 40 and the p-base
layer 20 via the second insulating film 65.

The trenches TR1 and TR2 are alternately arranged in a
direction D1 almost orthogonal to the extending direction of
the trenches TR1 and TR2. Similarly, the gate electrodes 70
and the second electrodes 75 are alternately arranged in the
direction D1. Therefore, as shown in FIG. 1, the second
electrodes 75 are provided to be opposed to both sides of the
gate electrode 70. When the IGBT 100 operates, a voltage (a
positive voltage, for example) is applied to the gate electrode
70 but the second electrode 75 is kept to have a potential
almost equal to that of the emitter electrode 50. That is, the
second electrode 75 can be restated as a second emitter elec-
trode because the second electrode 75 functions as an elec-
trode having an emitter potential. The expression “potential
almost equal to” indicates not only a case where a potential
difference is zero but also a case where a substantially equal
voltage is applied.

The n-base layer 10, the p-base layer 20, the charge extrac-
tion layer 30, the first and second barrier layers 15 and 80, the
emitter layer 40, and the collector layer 90 are formed using,
for example, silicon. The gate dielectric film 60, the second
insulating film 65, and the interlayer dielectric film IL.D are
formed using, for example, an insulating film such as a silicon
oxide film or a silicon nitride film. The gate electrode 70 and
the second electrode 75 are formed using, for example, doped
polysilicon. Further, emitter electrode 50 and the collector
electrode 95 are formed using, for example, low resistance
metal such as aluminum, AlSi, titanium or tungsten.

Next, the operation performed by the IGBT 100 is briefly
described. To make the IGBT 100 into an ON-state, a voltage
(a positive voltage, for example) is applied to the gate elec-
trode 70 and a channel region is formed in the p-base layer 20.
A voltage (a rated voltage) higher than that applied to the
emitter electrode 50 is applied to the collector electrode 95. A
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current thereby flows between a collector and an emitter of
the IGBT cell. At this time, holes are injected from the col-
lector layer 90 and electrons are injected from the emitter
layer 40. First, the electrons are injected from the emitter
electrode 50 into the n-base layer 10 via the channel region of
the p-base layer 20 and reach the collector layer 90. Thereaf-
ter, the holes are emitted from the charge extraction layer 30
and the emitter layer 40 via the first barrier layer 15 and the
p-base layer 20 after drifting through the n-base layer 10. At
this time, the holes mostly drift through the n-base layer 10 on
a side of the gate electrode 70 and the n-base layer 10 on a side
of'the second electrode 75. When the rated voltage is applied
to the collector electrode 95, a p-channel is formed in the
n-base layer 10 on the side of the second electrode 75 because
avoltage of the second electrode 75 is maintained to be equal
to an emitter voltage. The holes, which also drift through this
p-channel, are emitted from the charge extraction layer 30.

In the first embodiment, the IGBT 100 is formed so that a
resistance of the n-base layer 10 on the side of the second
electrode 75 is lower than that of the n-base layer 10 on the
side of the gate electrode 70 when the IGBT 100 is made into
an ON-state. For example, in the first embodiment, the second
insulating film 65 is formed thinner than the gate dielectric
film 60. This can decrease a threshold voltage of the p-chan-
nel in the n-base layer 10 on the side of the second electrode
75 and can facilitate forming the p-channel in the n-base layer
10 on the side of the second electrode 75. As a result, when the
IGBT 100 is made into an ON-state, the resistance of the
n-base layer 10 on the side of the second electrode 75 is
decreased and many holes flow into the n-base layer 10 on the
side of the second electrode 75.

As compared with a case where a thickness of the second
insulating film 65 is equal to that of the gate dielectric film 60,
anamount ofholes flowing into the n-base layer 10 on the side
of the second electrode 75 is large in the first embodiment.
That is, a ratio of the amount of holes flowing into the n-base
layer 10 on the side of the second electrode 75 to an amount
otholes flowing into the n-base layer 10 on the side of the gate
electrode 70 (hereinafter, also “hole amount ratio of the sec-
ond electrode 75”) in the first embodiment is higher than that
in the case where the thickness of the second insulating film
65 is equal to that of the gate dielectric film 60.

When the amount of holes flowing into the n-base layer 10
on the side of the gate electrode 70 is large (the hole amount
ratio of the second electrode 75 is low), then an amount of
positive charge in the gate electrode 70 decreases, and a
potential of the gate electrode 70 rises as described above. At
this time, a gradient (dQg/dVg) of a change in gate charge
(Qg) to a gate voltage (Vg) is negative. This is so-called
negative capacitance, and this negative capacitance increases
a current flowing to the IGBT cell and causes the IGBT to be
broken down.

On the other hand, according to the first embodiment, the
thickness of the second insulating film 65 is set smaller than
that of the gate dielectric film 60. As a result, when the IGBT
100 is operated and made into an ON-state, resistances of the
n-base layer 10 and the first barrier layer 15 on the side of the
second electrode 75 are made lower than those on the side of
the gate electrode 70. With this configuration, the hole
amount ratio of the second electrode 75 is increased and the
amount of holes flowing into the n-base layer 10 on the side of
the gate electrode 70 is reduced. By reducing the amount of
holes flowing in the n-base layer 10 on the side of the gate
electrode 70, it is possible to suppress the gate electrode 70 in
the IGBT 100 from having the negative capacitance. The
IGBT 100 according to the first embodiment makes it difficult
to cause breakdown.



US 9,312,337 B2

5

Furthermore, according to the first embodiment, the sec-
ond electrode 75 is maintained to have the emitter potential
and does not function as a gate electrode. Therefore, even the
reduced thickness of the second insulating film 65 does not
change characteristics (threshold voltages, for example) of
the IGBT 100. Therefore, according to the embodiment, it is
possible to suppress the negative capacitance from occurring
without changing the characteristics of the IGBT 100.
(Manufacturing Method of IGBT 100)

In the manufacturing of the IGBT 100 according to the first
embodiment, it suffices to form the gate dielectric film 60
separately from the second insulating film 65.

For example, after forming the first barrier layer 15, the
p-base layer 20, the charge extraction layer 30, and the emitter
layer 40 on the n-base layer 10 using known processes, the
trenches TR1 and TR2 are formed using a lithographic tech-
nique and an etching technique.

Inner surfaces of the trenches TR1 and TR2 are then oxi-
dized using a thermal oxidization method. The gate dielectric
film 60 is thereby formed. The gate dielectric film 60 in the
trench TR2 is selectively removed while leaving the gate
dielectric film 60 in the trench TR1 using the lithographic
technique and the etching technique.

After removing a photoresist, the inner surfaces of the
trenches TR1 and TR2 are oxidized again using the thermal
oxidization method. The second insulating film 65 is thereby
formed. At this time, not only the inner surface of the trench
TR2 but also the inner surface of the trench TR1 is oxidized.
Accordingly, oxidization conditions are set so that the gate
dielectric film 60 has a desired thickness by performing the
two oxidization processes. Moreover, in the second oxidiza-
tion process, not only the inner surface of the trench TR2 but
also that of the trench TR1 is oxidized. Accordingly, the gate
dielectric film 60 is made thicker than the second insulating
film 65.

Thereafter, a material (doped polysilicon, for example) of
the gate electrode 70 and the second electrode 75 is buried in
the trenches TR1 and TR2 using a known process. Further-
more, the second barrier layer 80, the collector layer 90, the
interlayer dielectric film ILD, the emitter electrode 50, and
the collector electrode 95 are formed. The IGBT 100 is
thereby completed.

As described above, a manufacturing method of the IGBT
100 according to the first embodiment can be realized by
adding one lithographic process, one etching process, and one
thermal oxidization process to existing IGBT manufacturing
processes. Therefore, the IGBT 100 according to the first
embodiment can be manufactured without any particular
large cost increase.

Second Embodiment

FIG. 3 is a cross-sectional view showing an example of a
configuration of an IGBT 200 according to a second embodi-
ment. An n-impurity concentration of the n-base layer 10 on
the side of the second electrode 75 is lower than that of the
n-base layer 10 on the side of the gate electrode 70. FIG. 3
indicates a lower impurity concentration region in the n-base
layer 10 on the side of the second electrode 75 as a low
concentration region 11. The low concentration region 11 can
be provided not only in the n-base layer 10 but also in the first
barrier layer 15.

Other configurations of the second embodiment can be
identical to corresponding ones of the first embodiment. The
thickness of the second insulating film 65 can be set equal to
that of the gate dielectric film 60. However, similarly to the
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first embodiment, the thickness of the second insulating film
65 can be set smaller than that of the gate dielectric film 60.

According to the second embodiment, the threshold volt-
age of the p-channel in the n-base layer 10 on the side of the
second electrode 75 is decreased because an IGBT cell of the
IGBT 200 includes the low concentration region 11. As a
result, when the IGBT 200 is operated and made into an
ON-state, the resistances of the n-base layer 10 and the first
barrier layer 15 on the side of the second electrode 75 is
decreased and many holes flow into the n-base layer 10 on the
side of the second electrode 75.

Accordingly, the second embodiment achieves effects
identical to those of the first embodiment. Furthermore, when
the thickness of the second insulating film 65 is smaller than
that of the gate dielectric film 60 similarly to the first embodi-
ment, the threshold voltage of the p-channel in the n-base
layer 10 and the first barrier layer 15 on the side of the second
electrode 75 is further decreased. As a result, when the IGBT
200 is operated and made into an ON-state, the resistances of
the n-base layer 10 and the first barrier layer 15 on the side of
the second electrode 75 are further decreased. Therefore, the
second embodiment combined with the first embodiment
makes it more difficult to cause negative capacitance.
(Manufacturing Method of IGBT 200)

In the manufacturing of the IGBT 200 according to the
second embodiment, it suffices to implant p-impurity ions
into the low concentration region 11 after forming the
trenches TR1 and TR2.

For example, after forming the first barrier layer 15, the
p-baselayer 20, the charge extraction layer 30, and the emitter
layer 40 on the n-base layer 10 using the known processes, the
trenches TR1 and TR2 are formed using the lithographic
technique and the etching technique.

Next, the inner surfaces of the trenches TR1 and TR2 are
oxidized using the thermal oxidization method. The gate
dielectric film 60 is thereby formed. The trench TR1 is cov-
ered with a photoresist and the trench TR2 is exposed using
the lithographic technique and the etching technique.

Next, the p-impurity ions (boron ions, for example) are
implanted into an inner side surface ofthe trench TR2 from an
oblique direction. The low concentration region 11 is thereby
formed on the inner side surface of the trench TR2. At this
time, the low concentration region 11 is formed up to a deeper
position than a bottom of the trench TR2 along a side surface
of the trench TR2.

Thereafter, the photoresist is removed, and the material of
the gate electrode 70 and the second electrode 75 is buried in
the trenches TR1 and TR2 using the known process. Further-
more, the second barrier layer 80, the collector layer 90, the
interlayer dielectric film ILD, the emitter electrode 50, and
the collector electrode 95 are formed. The IGBT 200 is
thereby completed.

As described above, a manufacturing method of the IGBT
200 according to the second embodiment can be realized by
adding one lithographic process, and one implantation pro-
cess to the manufacturing process of the first embodiment.
Therefore, the IGBT 200 according to the second embodi-
ment can be manufactured without any particular large cost
increase.

Third Embodiment

FIG. 4 is a cross-sectional view showing an example of a
configuration of an IGBT 300 according to a third embodi-
ment. In an IGBT cell of the IGBT 300, a p-drift diffusion
layer 12 is provided between the n-base layer 10 and the
second insulating film 65. The drift diffusion layer 12 can be
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provided not only in the n-base layer 10 but also between the
first barrier layer 15 and the second insulating film 65.

Other configurations of the third embodiment can be iden-
tical to corresponding ones of the first embodiment. The
thickness of the second insulating film 65 can be set equal to
that of the gate dielectric film 60. Similarly to the first
embodiment, the thickness of the second insulating film 65
can be set smaller than that of the gate dielectric film 60.

According to the third embodiment, the IGBT cell of the
IGBT 300 includes the p-drift diffusion layer 12. Therefore,
when the IGBT 300 is operated and made into an ON-state,
the resistances of the n-base layer 10 and the first barrier layer
15 on the side of the second electrode 75 are further decreased
and many holes flow into the n-base layer 10 on the side ofthe
second electrode 75. Accordingly, the third embodiment
achieves effects identical to those of the first embodiment.
(Manufacturing Method of IGBT 300)

In the manufacturing of the IGBT 300 according to the
third embodiment, it suffices to implant p-impurity ions into
the p-drift diffusion layer 12 after forming the trenches TR1
and TR2.

For example, after forming the first barrier layer 15, the
p-base layer 20, the charge extraction layer 30, and the emitter
layer 40 on the n-base layer 10 using the known processes, the
trenches TR1 and TR2 are formed using the lithographic
technique and the etching technique.

Next, the inner surfaces of the trenches TR1 and TR2 are
oxidized using the thermal oxidization method. The gate
dielectric film 60 is thereby formed. Next, the trench TR1 is
covered with a photoresist and the trench TR2 is exposed
using the lithographic technique and the etching technique.

Next, the p-impurity ions (boron ions, for example) are
implanted into the inner side surface of the trench TR2 from
the oblique direction. At this time, highly concentrated p-im-
purity ions are implanted so that the n-base layer 10 is
inverted to a p-layer. The p-drift diffusion layer 12 is thereby
formed on the inner side surface of the trench TR2. At this
time, the p-drift diffusion layer 12 is formed up to the deeper
position than the bottom of the trench TR2 along the side
surface of the trench TR2.

Thereafter, the photoresist is removed, and the material of
the gate electrode 70 and the second electrode 75 is buried in
the trenches TR1 and TR2 using the known process. Further-
more, the second barrier layer 80, the collector layer 90, the
interlayer dielectric film ILD, the emitter electrode 50, and
the collector electrode 95 are formed. The IGBT 300 is
thereby completed.

As described above, a manufacturing method of the IGBT
300 according to the third embodiment can be realized by
adding one lithographic process, and one implantation pro-
cess to the manufacturing process of the first embodiment.
Therefore, the IGBT 300 according to the third embodiment
can be manufactured without any particular large cost
increase.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
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departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

The invention claimed is:

1. A semiconductor device comprising:

a first base layer of a first conduction type;

a second base layer of a second conduction type provided
above the first base layer;

a first semiconductor layer of the first conduction type
above opposite side of the second base layer to the first
base layer;

a second semiconductor layer of the second conduction
type above opposite side of the first base layer to the
second base layer;

a plurality of first electrodes which are provided at the first
semiconductor layer and the second base layer via first
insulating films; and

a second electrode provided between adjacent ones of the
first electrodes and provided at the first semiconductor
layer and the second base layer via a second insulating
film, wherein

aresistance of the first base layer above a side of the second
electrode is lower than a resistance of'the first base layer
above a side of the first electrodes.

2. The device of claim 1, wherein a voltage of the second
electrode is substantially equal to a voltage of the first semi-
conductor layer.

3. The device of claim 1, wherein a thickness of the second
insulating film provided between the first base layer and the
second electrode is smaller than a thickness of the first insu-
lating film provided between the first base layer and one of the
first electrodes.

4. The device of claim 2, wherein a thickness of the second
insulating film provided between the first base layer and the
second electrode is smaller than a thickness of the first insu-
lating film provided between the first base layer and one of the
first electrodes.

5. The device of claim 1, wherein a concentration of a first
conduction type impurity at the first base layer above the side
of the second electrode is lower than a concentration of the
first conduction type impurity at the first base layer above the
side of the first electrodes.

6. The device of claim 2, wherein a concentration of a first
conduction type impurity at the first base layer above the side
of the second electrode is lower than a concentration of the
first conduction type impurity at the first base layer above the
side of the first electrodes.

7. The device of claim 1, further comprising a drift diftu-
sion layer of the second conduction type provided between
the first base layer above the side of the second electrode and
the second insulating film.

8. The device of claim 1, further comprising:

a first barrier layer of the first conduction type provided
between the first base layer and the second base layer;
and

a second barrier layer of the first conduction type provided
between the first base layer and the second semiconduc-
tor layer.



